ABSTRACT The murine hybridoma line B1-8.81 secretes monoclonal IgD Al antibodies specific for the hapten (4-hydroxy-3-nitrophenyl)acetyl (NP). The variable (V) region of these antibodies is defined by a characteristic pattern of idiotopes. A spontaneous V-region variant (BI-8.V1) with altered idiotope pattern was selected. The structural variation is confined to the V region of the heavy chain. It was shown previously that the variant V region is encoded by a gene that was generated by a crossover between the rearranged VDJ gene of the wild type (B1-8. 61) and a neighboring germ-line VH gene. In the present study the nucleotide sequence of coding and flanking regions of the VH gene expressed in variant B1-8.V1 was determined. Wild-type and variant VH genes differ at 15 positions in a region between leader sequence and codon 66. The sequence of the region carrying the substitutions is identical to the sequence of the corresponding region in a neighboring germ-line VH gene. This implies that the variant VH gene was generated by a mechanism of recombination more complicated than single crossover. Gene conversion as the mechanism of the recombination is discussed.
Variable (V) regions of immunoglobulin heavy (H) and light (L) chains are encoded by polymorphic gene segments, which join as a result of DNA rearrangements in the precursors of antibody-producing cells (1) (2) (3) (4) (5) . The combination of V, diversity (D), and joining (J) segments in active heavy chain V-region genes generates diversity particularly in the third hypervariable region (3, 4) . Additional diversity is introduced into rearranged V-region genes by somatic mutations. One mechanism to generate diversity has been shown to be point mutations (2, (6) (7) (8) (9) ; a possible other one may be recombination between V-region genes (10, 11) . A case of somatic recombination between antibody H chain V-region genes has been described by Dildrop et at (12) . The present study extends this analysis.
We use as a model system the hybridoma line B1-8.61 (13) , which synthesizes an IgD Al antibody specific for the hapten (4-hydroxy-3-nitrophenyl)acetyl (NP). B1-8. 61 was derived as a spontaneous class-switch variant from the hybridoma Bl-8.Lu (IgM, Al) (14) . The H chain variable region of B1-8.,a and BL-8.61 is encoded by the germ-line V-region gene V186. 2, which belongs to the NPe-VH gene cluster (8) .
The spontaneous variant Bl-8.V1 that lost an antigenic V-region determinant (idiotope) has previously been isolated from B1-8.61 by cell sorting using anti-idiotope antibodies. Serological and biochemical analysis demonstrated that the structural difference between variant and wild type is confined to the V region of the antibody H chain (15) . Amino acid sequence analysis (12) showed recombination between the VDJ region of Bl-8.61 and a neighboring germ-line H chain V-region gene, VI02.1 (8) , as the mechanism that generated the mutant phenotype of B1-8.VL. The recombination involved a crossover located between codons 66 (19, 20) . Hybridization was visualized by autoradiography using prefogged x-ray films (21) . DNA Probes and Recombinant Phage DNAs. The JH-region probe (J probe) is a 0.6-kilobase-pair (kb) Xba I/EcoRI restriction endonuclease fragment derived from the 3' end of the EcoRI fragment carrying the murine JH-region genes (22) (see Fig. 2 ). The VH-region probe (V probe) used in this study is derived from plasmid pAB'y2a-1 (8) , which contains the cDNA encoding the entire H chain of anti-NP antibody S43 (14) . (8) .
Construction and Screening of a A Phage Library. DNA extracted from B1-8.V1 was digested to completion with EcoRI. Restriction fragments with an average length of 5 kb were enriched on a sucrose gradient, ligated to the arms of A phage Charon 30 (23) , and packaged in vitro (24) . The resulting library of -3 x 104 recombinant phages was directly screened by in situ hybridization to the nick-translated J probe (25) . A second library screening was performed after phage amplification. Replicas of the phage plates on nitrocellulose filters were hybridized, washed, and autoradiographed, using conditions described above. Positively hybridizing phages were grown as described (26) .
DNA Sequence Analysis. Nucleotide sequence analysis was carried out by using the single-stranded phage M13 vector mp701 (gift of D. Bentley, Oxford). The dideoxy chain termination procedure was employed in all experiments (27, 28) . RESULTS Isolation and Characterization of a A Phage Clone Containing the Expressed VH Gene of B1-8.V1. High molecular weight DNA from B1-8. 81 and B1-8.V1 was analyzed by Southern blot hybridization using the J probe. This probe detects a 6.6-kb and a 4.4-kb EcoRI restriction fragment in the genome of both cell lines (data not shown). As demonstrated in a previous study, the 6.6-kb EcoRI fragment of B1-8.81 originates from the genome of the X63.Ag8 fusion partner (29) (note that the B1-8. 81 hybridoma arose from the fusion between a BALB/ c-derived X63 cell and a C57BL/6 lymphocyte). We thus conclude that the VDJ gene of wild-type B1-8. 81 and of variant Bi-8.V1 is located on the 4.4-kb EcoRI fragment. This conclusion is confirmed by Southern blot hybridization analysis of wild-type and variant genomic DNAs using the V probe. A 4.4-kb EcoRI fragment is detected that is absent from the genome of C57BL/ 6 liver cells (data not shown). To isolate the expressed VH gene of B1-8.V1 we enriched the 4.4-kb EcoRI restriction fragment from Bl-8.V1 DNA on a sucrose gradient and cloned it in the A phage vector Charon 30. The resulting phage library was screened without previous amplification by using the J probe. Positive phages were rescreened with the V probe, and one clone that hybridized to both J and V probes was isolated. This clone, designated AVAR13, was subjected to restriction mapping, hybridization, and sequence analysis. A second screening of the amplified library yielded seven clones that also were positive with the J and V probes (AVAR1-AVAR7). Four of these clones were studied by restriction mapping.
The Pst I andHindIII (lane D). Lane A was exposed for a shorter period and lane D was exposed for a longer period than lanes B and C in order to make band intensities more similar.
Southern blot hybridization analysis of AVAR13 DNA digested with the restriction enzymes Sac I, HindIII, and Pst I (which cuts both V186.2 and V102.1 at the same position) is shown in Fig. 1 . A restriction map of AVARL3 is presented in Fig. 2 . The VDJ gene was located within the clone by the V probe, whereas the probe hybridizing to the V-region leader sequence (see Materials and Methods) was used to determine gene orientation. This analysis indicates that the variant VDJ region cloned in AVAR13 is flanked by V186.2-like and not V102.1-like sequences. Further restriction mapping detected a deletion of 1.4 kb between JH3 and the Xba I site of the VDJ-containing EcoRI fragment in AVAR13 (broken line in Fig. 2 fragments were ligated at random into the M13 vector mp701. Recombinant phages were screened with the V probe and positive phages were subjected to nucleotide sequence analysis. The sequencing strategy is indicated by arrows in Fig. 2 . Fig.  3 shows the complete nucleotide sequence of the coding and flanking regions of the rearranged VH gene of B1-8.V1. The sequence of the variant VH gene-designated V1 in Fig. 3 -is compared to the sequence of the wild-type B1-8 and to the sequences of germ-line genes V186.2 and V102.1 (8) . The result of the sequence comparison can be summarized as follows: (i) The amino acid sequence deduced from the nucleotide sequence of BL-8.V1 matches the amino acid sequence published previously (12) . 
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V12-1.... (Fig. 4) . We favor a more complicated mechanism of recombination to account for the genotype of B1-8.V1. A reciprocal exchange of gene segments between V186.2 and V102.1 could have been generated by a double crossover. Alternatively, gene conversion, which has been already suggested as a mechanism to generate or limit diversity in multigene families (11, (34) (35) (36) (37) , might have transferred genetic information from V102.1 to V186.2.
-----T------------------------------------------
Recombination Between V-Region Genes. So far somatic mutations identified in antibody V genes have been interpreted as point mutations generated by a hypothetical mechanism that operates at some step of B-cell differentiation (8, 9, 38) . However, somatic mutation has been studied only in families of antibodies that had similar antigen-binding specificities. Recombinations that generate an antibody with changed antigen-binding specificity, as encountered in variant B1-8.V1 (15) , may therefore have gone unnoticed. Our present data provide evidence that recombination between V-region genes may contribute to the somatic generation of antibody diversity. (46, 47) and V genes (48, 49) . Amino (52) .
Gene conversion may explain recombination events between homologous genes in mammalian cells, but all observations of recombination in higher eukaryotes-recombination between V186.2 and V102.1 included-may be explained by unequal double crossovers as well. Such a mechanism could generate the variant VDJ segment of B1-8.V1 by a reciprocal exchange of gene segments between the wild-type VDJ segment and V102.V1 However, it is impossible to examine both V186.2 and V102.1 after the postulated gene conversion once the two participants in the recombination are located on segregating chromatids.
